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METHODS:
We conducted a retrospective analysis of the National Inpatient Sample (2014). The unit of analysis was a hospitalization; sampling weights were applied to generate nationally-representative estimates. The primary outcome was having ≥ 1 RBC transfusion procedure; plasma and platelet transfusions were similarly assessed as secondary outcomes. For each component, factors associated with transfusion were measured using adjusted prevalence ratios (adjPR) and 95% confidence intervals (95% CI) estimated by multivariable Poisson regression.
RESULTS:
The prevalence of RBC, plasma, and platelet transfusion was 5.8%, 0.9%, and 0.7%, respectively. RBC transfusions were associated with older age (≥ 65 vs. < 18 years; adjPR = 1.80; 95% CI = 1.66-1.96), female sex (adjPR = 1.13; 95% CI = 1.12-1.14), minority race/ethnic status, and hospitalizations in rural hospitals compared to urban teaching hospitals. Prevalence of RBC transfusion was lower among hospitalizations in the Midwest compared to the Northeast (adjPR = 0.73; 95% CI = 0.67-0.80). All components were more likely to be transfused in patients with a primary hematologic diagnosis, patients with a higher number of total diagnoses, patients who experienced a higher number of other procedures, and patients who eventually died in the hospital. In contrast to RBC transfusions, prevalence of platelet transfusion was greater in urban teaching hospitals (vs. rural; adjPR = 1.71; 95% CI = 1.49-1.98) and lower in blacks (vs. whites; adjPR = 0.80; 95% CI = 0.76-0.85).
CONCLUSIONS: Nationally, there is heterogeneity in factors associated with transfusion between each blood component, including by hospital type and location. This variability presents patient blood management programs with potential opportunities to reduce transfusions. B lood transfusions are among the most common hospital procedures in the United States (U.S.). However, there is clear evidence that red blood cell (RBC) and plasma transfusions have been decreasing across the nation. [1] [2] [3] [4] The medical evidence to guide transfusion practice has dynamically evolved over the past 2 decades. The immediate decision to transfuse remains guided by bleeding and laboratory values, such as hemoglobin and hematocrit levels, the international normalized ratio for blood clotting tendency, and platelet counts, for the three primary components: RBCs, plasma, and platelets. Factors associated with blood transfusion beyond active bleeding and pre-transfusion laboratory data remain poorly defined. Surveys conducted by the AABB and U.S. Centers for Disease Control and Prevention have indeed provided important data on blood component collections, hospital distributions, and transfusion trends in the United States. [3] [4] [5] [6] However, these surveys do not account for important patient-level factors beyond basic demographics. Other studies examining predictors of transfusion have either been conducted among a limited number of hospitals and/or certain patient populations. [7] [8] [9] [10] [11] [12] [13] [14] [15] For instance, the Recipient Epidemiology and Donor Evaluation Study-III (REDS-III) program evaluated laboratory parameters, sociodemographic data, and transfusion reactions associated with RBC and plasma transfusions but were limited to < 15 hospitals for each component. 16, 17 We are unaware of nationally representative studies evaluating non-laboratory predictors of RBC, plasma, or platelet transfusions in U.S. hospitalized patients while accounting for patient-and hospital-level factors.
In this study, we evaluate patient-and hospital-level factors associated with allogenic transfusions among adult and pediatric hospitalizations using nationally representative data.
METHODS

Data source
The National Inpatient Sample (NIS) is the largest all-payer administrative database of inpatient hospitalizations in the U.S., and was developed as part of the Healthcare Cost and Utilization Project (HCUP) by the Agency for Healthcare Research and Quality (AHRQ). In 2012, the NIS began systematically sampling 20% of discharges from all non-longterm acute care HCUP hospitals, stratified by Census division, hospital ownership, urban vs. rural location, teaching status, and bedsize categories. 18 This creates a self-weighted sample of hospitalizations (discharges) that represents 96% of the U.S. population. 19 Since the unit of observation is a hospital discharge (or hospitalization), patients may be included more than once in the database. Data from the 2014 NIS were used in this analysis, as this is the final year preceding the transition from ICD-9-CM to ICD-10-CM coding. Each hospitalization record (or discharge) included information on patient demographics (age, sex, and race), type of admission (elective vs. non-elective), patient outcomes (length of stay and in-patient mortality), up to 30 ICD-9-CM diagnosis code, up to 15 ICD-9-CM procedure codes, and hospital characteristics (census region, location, and teaching status). The hospital location and teaching status variable was derived from either having an Accreditation Council for Graduate Medical Education (ACGME) approved residency program, membership in the Council of Teaching Hospitals (COTH), or a ratio of full-time equivalent interns and residents to beds of 0.25 or higher. No distinction was made by teaching status among rural hospitals as rural teaching hospitals are rare. The AHRQ also developed a clinical classification software (CCS) for use with HCUP data. This software categorizes ICD-9-CM codes into clinically meaningful diagnostic groups, 20 and multi-level CCS diagnostic categories are provided in the NIS database.
For this analysis, multi-level CCS categories for the patient's primary diagnosis was collapsed into 13 groups. Data on laboratory values, number of units transfused, and pharmacological therapies administered during hospitalization were not available.
As the NIS is a de-identified, publicly available dataset, informed consent was not needed and Johns Hopkins Medical Institutions Institutional Review Board deemed the study exempt from review. HCUP data use agreement guidelines were followed.
Statistical analyses
Data analysis was performed using svy commands in Stata/ MP, version 15.2 (Statacorp, College Station, TX). Sampling weights provided by HCUP were used to generate nationallyrepresentative estimates. Taylor series linearization was used to estimate standard errors.
The unit of analysis was a hospitalization (i.e., not individual patients). The primary outcome was the percentage of hospitalizations with 1 or more allogenic RBC transfusion procedures, as the majority of transfusions are RBCs. Secondary outcomes included the percentage of hospitalizations with 1 or more plasma transfusions and 1 or more platelet transfusions. The ICD-9-CM procedure codes used to indicate RBC, plasma, and, platelet transfusions were 99.04, 99.07 and 99.05, respectively. This study focused on allogenic transfusions and did not include autologous, whole blood, or exchange transfusions as potential outcomes. For each blood component, the reported data do not reflect associations with the number of units transfused, but rather an overall decision to transfuse (versus no transfusion) during the entire course of a hospitalization.
Adjusted prevalence ratios (adjPR) and corresponding 95% confidence intervals (95% CI) were estimated by multivariable Poisson regression. The multivariable models included all covariates determined to be clinically and/or operationally important a priori, including sex, age group, race, elective admission status, length of stay (days), total number of diagnoses, total number of non-transfusionrelated procedures, in-patient mortality status, hospital teaching status and location, hospital census region, and the primary diagnostic CCS category. All multivariable models were assessed for multi-collinearity. All p values are two-sided and the threshold of statistical significance was 0.05. We used a complete-case analytic approach such that persons with missing data were excluded from analysis. population are shown in Table 1 . The majority of hospitalizations were among patients who were female (57.3%), aged ≥ 45 years (60.2%), and white (65.9%). Most hospitalizations were non-elective admissions (78.4%). Among all hospitalizations, patients had a median of 9 diagnoses (interquartile range [IQR], 5-14) and a median of 1 non-transfusion-related procedure (IQR, 0-2) during their hospital stay. Most hospitalizations were in urban settings (90.8%). Overall, the prevalence of 1 or more RBC transfusions was 5.8% (95% CI, 5.7%-6.0%), the prevalence of 1 or more platelet transfusions was 0.7% (95% CI, 0.7%-0.8%), and the prevalence of 1 or more plasma transfusions was 0.9% (95% CI, 0.8%-0.9%). Table 1 presents characteristics of the study population by a composite status for blood transfusion (1 or more RBC, plasma, or platelet transfusions).
A higher prevalence of RBC transfusion was associated with older patients (≥ 65 years compared to < 18 years; adjPR, 1.80; 95% CI, 1.66-1.96), female sex (adjPR, 1.13; 95% CI, 1.12-1.14), and minority race/ethnic status ( Table 2) . White race was associated with the lowest prevalence of RBC transfusion (5.7%), and the highest prevalence of RBC transfusion was among hospitalizations of black patients (7.3%; adjPR, 1.39; 95% CI, 1.35-1.43). Having a higher number of diagnoses (adjPR, 1.08; 95% CI, 1.08-1.08), higher number of non-transfusion procedures performed during the hospitalization (adjPR, 1.11; 95% CI, 1.10-1.11) and the occurrence of in-patient mortality (adjPR, 1.05; 95% CI, 1.03-1.08) were independent factors associated with a higher prevalence of RBC transfusion. Patients admitted with a primary hematologic diagnosis were the most common group to have an RBC transfusion. Upon geographic assessment, a lower prevalence of RBC transfusion was observed in hospitals based in the Midwest as compared to the Northeast (adjPR, 0.73; 95% CI, 0.67-0.80). Hospitalizations in rural hospitals had a higher prevalence of RBC transfusion as compared with hospitalizations in urban teaching hospitals.
Similar to RBC transfusions, higher prevalences of platelet and plasma transfusions were associated with hospitalizations of patients with a greater number of total diagnoses and a greater number of non-transfusion procedures performed during their stay in the hospital (Table 3 and Table 4 ). The prevalence of platelet transfusion was also lower among hospitalizations in the Midwest compared to the Northeast region, and among hospitalizations in rural hospitals compared to urban hospitals. In contrast to RBC transfusions, however, the prevalence of platelet transfusion was lower among hospitalizations of females compared to males (adjPR, 0.75; 95% CI, 0.74-0.77) and blacks compared to whites (adjPR, 0.80; 95% CI, 0.76-0.85) 
DISCUSSION
This study utilized the largest, all-payer, in-patient national database in the U.S. to provide a comprehensive evaluation of non-laboratory factors associated with RBC, plasma, and platelet transfusions in hospitalized patients-while accounting for the influence of patient demographics, diagnoses and procedures, and hospital-level characteristics. In the past decade, a number of guidelines have been published for RBC, plasma, and platelet transfusion. [21] [22] [23] [24] [25] [26] Most of these recommendations have focused on laboratory parameters that vary with diagnosis. Despite these guidelines, significant variation in clinical transfusion practice persists. We provide evidence that various patient-and hospital-level characteristics may influence the inpatient transfusion decision and explain some of this variation. Small studies of a few institutions in both the U.S. and internationally have evaluated transfusions in hospitalized patients.
4,27-32 Roubinian et al. examined in-hospital determinants of RBC transfusions using the Kaiser Permanente Health system database using data from 21 hospitals over a four-year period (2008) (2009) (2010) (2011) . While the Kaiser study identified that pre-transfusion hemoglobin was indeed the most important determining factor, patient comorbidities and severity of illness were independent and significant predictors as well. 15 Similar to Roubinian, we find that RBC, platelet and plasma transfusions were all associated with an increased number of total diagnoses and increased number of procedures. In this study, RBC transfusions were highest among rural (non-teaching) hospitals compared to urban teaching hospitals. This may be multifactorial, including different patient populations and blood banks that are often run by community practice pathologists that often focus on anatomic pathology with less attention on optimal transfusion thresholds and implementation of patient blood management programs. The higher risk of an RBC transfusion at small, rural hospitals may be an area of opportunity for further study (e.g., survey of community pathologists, evaluation of transfusion medicine training, etc.) and for implementing patient blood management initiatives. RBC, platelet, and plasma transfusions were most common among hospitalizations of patients admitted with a hematologic diagnosis. RBC transfusions were also highest among hospitalizations of black patients, which may reflect the increased use of RBCs among those with hemoglobinopathies, while plasma and platelet transfusions were lowest among black patients. These associations have also been reported in the REDS III study. 16 It is unclear why hospitalizations are more often associated with a transfusion in the Northeast than hospitalizations in the Midwest. It is likely multifactorial that may partially be explained by a slightly different patient population (e.g., higher numbers of sickle cell clinics are located in the Northeast).
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As one would expect, factors associated with RBC and plasma transfusion were similar, and differed from factors associated with platelet transfusions. In contrast to RBC transfusions, platelet transfusions were less common at rural hospitals. This may be reflective of the difficulty of maintaining a low inventory of short-dated products and the distance from the blood supplier with limited storage time. In addition, as oncology centers are generally located in large hospitals and urban teaching centers, it is not surprising that platelet transfusions are seen more often in these centers.
There are limitations of this study. The data are derived from an administrative dataset that is primarily used for billing purposes, so concerns exist regarding the retrospective nature of the study and accuracy of the data. Hospital discharge codes have been shown to correlate well with self-report, 34 and hospital discharge codes for RBC transfusions have been previously validated against blood bank transfusion records (83% sensitivity; 100% specificity) at one large academic institution with a busy transfusion service. 35 The NIS database has also produced comparable results to the National Hospital Discharge Survey and Medicare Provider Analysis and Review Files. 36 In addition, the NIS has also previously been used for transfusion-related research. 37 It is a limitation, however, that individual patients may be multiply represented since the unit of observation was a hospital discharge. Unfortunately, laboratory data (e.g., hemoglobin level, coagulation profile, platelet count, etc.) were not available. Therefore, the descriptive associations presented in this study may be confounded despite adjustment for patient and hospital-level factors. In addition, the NIS does not document how many units were transfused. Thus, these findings should be confirmed with data that can incorporate laboratory data and number of transfusions. Patient blood management programs have had a substantial impact on RBC use. The data in this manuscript are from a period when RBC and plasma use were substantially declining. 1 As these changes continue over time, the factors associated with transfusion may change as well, and this may limit the generalizability of these findings. Also, the data among inpatient hospitalizations may not be applicable to outpatient settings. While laboratory data are critically important to deciding when to transfuse patients, other variables also appear to be associated with the decision to transfuse. There is significant heterogeneity between transfusion of RBCs and platelets among hospital types and locations. Further research is needed to understand these variations in practice, as this information may be valuable to the development and implementation of patient blood management programs. ACKNOWLEDGMENTS R.G., E.U.P., and A.A.R.T. had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
